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晚上高的趋势。外海 SEATS 站和近海 J4 站表层都是在 02:00 达到裂解性病毒侵
染率的最高值（分别为 4.59%和 10.46%），并且 SEATS 站表层在 14:00 具有最低
值；而裂解性病毒侵染率在 SEATS 站次表层呈现晚上低白天高的趋势，在 02:00












化，河口 S03 站位的裂解性侵染在 3.30-22.42%之间波动，而离河口较远的 S05








































Viruses are key players in marine ecosystem not only because they are the most 
abundant and diverse biological entities but also they are the nanoscale drivers in the 
global biogeochemical cycle. The dynamics of the virus-host interactions will cause the 
switching of viral lytic and lysogenic infection, as well as the viral decay rate. Moreover, 
the dynamics of the virus-host interactions are able to affect the material circulation and 
energy flowing in marine microbial loop. However, the short-term dynamics of virus-
host interactions over a diel and a tidal cycle are far less understood. To access the diel 
and tidal patterns of viral infection and decay facing the changing environmental and 
biotic parameters, we conducted the time series studies in the South China Sea and 
Jiulong estuary, Xiamen respectively. The main conclusions include: 
    In the South China Sea, there were no obvious diel change of viral infection and 
decay rate blow the euphotic layer, but distinct diel patterns were detected in the surface 
and sub-surface. The frequency of viral lytic infection (FIC) was generally higher 
during the night but lower at the daytime in the surface, and FIC in the sub-surface 
showed an oppositely pattern. Surface FIC at oceanic station SEATS and offshore 
station J4 reached the peak on 02:00 (4.59% and 10.46%, respectively); Sub-surface 
FIC at SEATS had a maximum at 18:00 (5.44%) but a minimum at 02:00 (1.16%). This 
difference mainly caused by the viral infection in the surface under the control of 
sunlight than host activities, but viral infection in the sub-surface just be affected by the 
host’s activities. In addition, the stronger mixing at the offshore masked the diel change 
of viral infection. Furthermore, we found a positive relationship between the viral lytic 
and lysogenic infection over the diel cycle. The diel changes of environmental and 
biotic conditions leaded a significant dynamic viral decay. In this study, the virus-host 
interactions showed a diel pattern indicated that viruses can affect the microbial 
















A significant tidal pattern of microbial abundances was detected in Jiulong estuary, 
the higher abundances were generally found at high tide. The tidal dynamics caused a 
distinct change of frequency of viral lytic infection. FIC varied from 3.30 to 22.42% at 
the estuary station S03, 1.5 to 6.04% and 0.42 to 4.01% at the distant station S05 and 
S07, respectively. The tidal mixing of freshwater and seawater as well as the changing 
salinity also caused the switching of viral infection strategies. The low salinity leaded 
a higher frequency of lysogenic infection and viral decay rate. Moreover, we found a 
positive relationship between the viral lytic and lysogenic infection over the tidal cycle. 
Our results showed that the tidal mixing and changing salinity caused the pattern of 
tidal virus-host interactions and the trade-off of viral strategies, which in turn affect the 
microbial activities and ecological functions in the estuary. 
 






















体内，并借助宿主的遗传代谢系统来进行子代病毒的复制（Weinbauer, 2004; Suttle, 
2007）。 
病毒是海洋中个体最为微小，却丰度最高、多样性最为丰富的“生命粒子”
（Biological entities）。每毫升海水中就会含有 104-108 个病毒颗粒，海洋中全部
病毒颗粒数量可达 1030 个（Weinbauer, 2004; Suttle, 2007）。病毒能够影响海洋
微型生物的群落结构和遗传进化，参与到生态系统的物质循环和能量流动，是全
球尺度生物地球化学循环中的纳米级驱动者（Brussaard et al., 2008）。近年来海
洋病毒的相关研究得到不断拓展和深入，在揭示病毒更多生态功能的同时也带来
了许多未解之谜。当代，海洋病毒生态学已经成为海洋微型生物生态学研究的热
点之一（Sullivan et al., 2017; Brum and Sullivan, 2015） 。 
1.1.1 海洋病毒的分类 








菌体、纺锤状噬菌体等（Wang et al., 2007; Casjens and Hendrix, 2001; Pawlowski 

















图 1.1 海洋有尾科病毒：a, 肌尾病毒；b, 短尾病毒；c, 长尾病毒（比例
尺为 50 nm）（Suttle, 2005） 
Fig. 1.1 Marine bacteriophage: a, Myoviruses; b, Podoviruses; c, 
Siphoviruses (Scale bar 50 nm) (Suttle, 2005). 
 
此外海洋病毒还存在其它各种分类标准。根据病毒核酸的组成差异，可以将
病毒分为 DNA 病毒和 RNA 病毒；又可根据核酸分子结构的差异，将病毒分为
双链或单链病毒。海洋中含量最高的有尾科病毒都属于双链 DNA 病毒，不过最
新的研究表明单链 DNA 病毒和 RNA 病毒在海洋中的丰度可能也很高（Steward 
























究表明底栖或颗粒物上的病毒也具有重要的生态意义（Danovaro et al., 2008; 2016; 






侵染这两类最为常见（图 1.2）（Fuhrman, 1999; Weinbauer, 2004）。 










导（Induction），进入裂解性感染周期（如图 1.2）（Davies et al., 2016; Weinbauer, 
2004; Howard-Varona et al., 2017; Paul, 2008）。 
此外还有一种伪溶源性侵染（Pseudolysogenic infection），指的是病毒核酸进
入宿主之后会在宿主细胞内停留一定时间，此时病毒在宿主体内处于非活跃的状
态（Carrier stage）（Cenens et al., 2014; Feiner et al., 2015）。关于伪溶源性侵染
的研究还比较缺乏，在海洋病毒生态学的研究中有时候会将其并入溶源性侵染的
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